Chapter 6, Problem 1.

If the voltage across a 5-F capacitor is 2te”' V, find the current and the power.

Chapter 6, Solution 1.

i= c‘;—: = 5(2e‘3t —~6te ™" )= 10(1 - 30)e™A

p=vi= 10(1-3‘[)e'3t Dtedt= Mﬂw

Chapter 6, Problem 2.

A 20-pF capacitor has energy W(t)=10cos”* 377t J. Determine the current through
the capacitor.

Chapter 6, Solution 2.

» y2 o 2W 20 cos® 377t

w=lcv —— =10° cos® 377t
2 C 20x10

v =+10%cos(377t) V, let us assume the v = +cos(377t) mV, this then leads to,

i = C(dv/dt) = 20x10°(~377sin(377t)10) = —7.54sin(377t) A.

Please note that if we had chosen the negative value for v,
then i would have been positive.

Chapter 6, Problem 3.

In 5 s, the voltage across a 40-mF capacitor changes from 160 V to
220 V. Calculate the average current through the capacitor.

Chapter 6, Solution 3.

dv 3220160

i=C— =40x10 = 480 mA
dt
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Chapter 6, Problem 4.

A current of 6 sin 4t A flows through a 2-F capacitor. Find the
voltage v(t) across the capacitor given that v(0) =1 V.

Chapter 6, Solution 4.
L .
v= EL idt + v(0)

t
+1=-0.75c0s4t+0.75+1

:lj.t6sin4tdt+1: —écos4t
270 4 0

=1.75-0.7S cos 4t V

Chapter 6, Problem 5.
The voltage across a 4-uF capacitor is shown in Fig. 6.45. Find the current waveform.
A v (V)
10
, t(ms)
-10

Figure 6.45  For Prob. 6.5.

Chapter 6, Solution 5.

5000t, O<t<2ms
v=1+< 20-5000t, 2 <t < 6ms
—-40+5000t,6 <t < 8ms

5 O<t<2ms 20mA, O<t<2ms
-5, 2<t<bms=<{-20mA, 2<t<6ms
5 6<t<8ms 20mA, 6<t<8ms

. dv_4x10°
dt 103
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Chapter 6, Problem 6.

The voltage waveform in Fig. 6.46 is applied across a 30-uF capacitor. Draw the current
waveform through it.

)V
10

b

1 | 1 1 ] -

-10

2 4 8 10 /12 ¢ (ms)

Figure 6.46

Chapter 6, Solution 6.

dv

i=C— =30x10"° x slope of the waveform.

For example, for 0 <t <2,

dv

i=c=
dt

ﬂ 10
dt 2x10°°
6 10
=30x10 x—3:150mA
2x10™

Thus the current i is sketched below.

sy 1O

v
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Chapter 6, Problem 7.

At t=0, the voltage across a 50-mF capacitor is 10 V. Calculate the voltage across the

capacitor for t > 0 when current 4t mA flows through it.

Chapter 6, Solution 7.
v =ljidt+v(t ) =;J.t4tx10‘3dt+10
C 77 50x107 %

2

= 2i+10=0.04t2+1ov
50 e —

Chapter 6, Problem 8.

A 4-mF capacitor has the terminal voltage

B 50V, t<0
B S I A

If the capacitor has initial current of 2A, find:
(a) the constants A and B,
(b) the energy stored in the capacitor at t =0,
(c) the capacitor current for t > 0.

Chapter 6, Solution 8.

(@) i=C % = —100ACe ™™ — 600BCe "

i(0)=2=-100AC—600BC ——> 5=-A-6B

vi0*)=v(0") —— 50=A+B
Solving (2) and (3) leads to
A=61, B=-11

(b) Energy= %Cv2 0)= %X4X103 X2500=5]

(c) From (1),

(1)

2)
)

i =—100x61x4x107 e —600x11x4x10° e = —24 47! _26.4e %" A
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Chapter 6, Problem 9.
The current through a 0.5-F capacitor is 6(1-e¢")A.
Determine the voltage and power at t=2 s. Assume v(0) = 0.

Chapter 6, Solution 9.
1t —t _ t
v(t)= — 6(1—6 )dt+0:12(t+e ) V=12(0t+e)-12
0=, . (t+e
v(2)=122+¢%) - 12=13.624 V

p=iv=[12 (t+e") —12]6(1-e")
p2)=[12 (2 +e?) —12]6(1-¢*) =70.66 W

Chapter 6, Problem 10.
The voltage across a 2-mF capacitor is shown in Fig. 6.47. Determine the current

through the capacitor.

Ny
A

16

0

| 2 3 4 the
Figure 6.47

Chapter 6, Solution 10
dv av

i=C—=2x10""
dt dt
16t, O<t<lus
v=< 16, 1<t<3us
64-16t, 3<t<4dus
16x10°, O<t<lus
— = 0, 1<t<3us
-16x10°,  3<t<4us

32kA, O<t<lus
i(t)= 0, 1<t<3us
-32kA, 3<t<4us
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Chapter 6, Problem 11.
3. A 4-mF capacitor has the current waveform shown in Fig. 6.48. Assuming that
v(0)=10V, sketch the voltage waveform v(t).

Ai(mA)
15
10

0 2 4 6 g Us)

Figure 6.48  For Prob. 6.11.
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Chapter 6, Solution 11.
== j idt+v(0)=10+——— 1 j i(t)dt
4x10°

10°
For 0<t <2, i(t)=15mA, V(t=10+" =10 207 I 15dt=10+3.76t

v(2)=10+7.5=17.5
For 2 <t <4, i(t)=-10 mA

1 ¢ 1Ox10’3t
vi)=——— | i dt +v(2) = - ———
Q) 4X103£() +V(2)

jdt +17.5=22.5+2.5t

v(4)=22.5-2.5x4 =12.5

1 t
For 4<t<6, i(t) =0, v(t) = odt +v(4)=12.5
or i(t) ) 4ﬂ03£ 4)

For 6<t<8, i(t) =10 mA

3t
1010 J.dt+v(6) _2.5(t-6)+12.5=2.5t—2.5

V() =

Hence,
10+3.75tV, 0<t<2s

225-25tV, 2<t<4s
125V, 4<t<6s
2.5t-2.5V, 6<t<8s

which is sketched below.
v(t)
A

20

v(t) =

15
10

5

10

0 2 4 6 8
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Chapter 6, Problem 12.

A voltage of 6e " V appears across a parallel combination of a 100-mF capacitor
and a 12-Q) resistor. Calculate the power absorbed by the parallel combination.

Chapter 6, Solution 12.

i = v_ 6 2000t _ 05200t
R 12
dv

i, = C——=100x10"*x6(-2000)e*"*" = -1200e***"
° o dt

i =i, +ic = -1199.5e 20
p =vVvi=-7197e* W
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Chapter 6, Problem 13.

Find the voltage across the capacitors in the circuit of Fig. 6.49 under dc

conditions.
100 500
WA J WA
J + g 2082 +
300 = G SR~
- N _
(A
Figure 6.49

Chapter 6, Solution 13.

Under dc conditions, the circuit becomes that shown below:

\/4 + \/»

i»=0, i = 60/(30+10+20) = 1A
vi = 30i; = 30V, v, = 60-20i; = 40V

Thus, v;=30V,v, =40V
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Chapter 6, Problem 14.

Series-connected 20-pF and 60-pF capacitors are placed in parallel with series-
connected 30-pF and 70-pF capacitors. Determine the equivalent capacitance.

Chapter 6, Solution 14.

20 pF is in series with 60pF = 20*60/80=15 pF
30-pF is in series with 70pF = 30x70/100=21pF
15pF is in parallel with 21pF = 15+21 = 36 pF
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Chapter 6, Problem 15.

Two capacitors (20 u#F and 30 uF) are connected to a 100-V source. Find the energy
stored in each capacitor if they are connected in:

(a) parallel (b) series
Chapter 6, Solution 15.
In parallel, as in Fig. (a),

Vi=Vyr = 100

A
1
A
1
A
Jl

(W] (W] (W]
71 \V ko) \V ko)

lCV2 =lx20XIO_6x1002 = 100 mJ
2 2
W3 = %){30){10%{1002 = 150 mJ

W20 =

(b) When they are connected in series as in Fig. (b):

v, =—2 v =3%4100=60, va=40
C,+C, 50

Woo = %){30){10%{602 =36 mJ

W30 = %X30X106x402 =24 mJ
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Chapter 6, Problem 16.

The equivalent capacitance at terminals a-b in the circuit in Fig. 6.50 is 30 #F.
Calculate the value of C.

i @
f._'
14 ,,l,.'b’ —
—= B0 pF
b a
Figure 6.50

Chapter 6, Solution 16

C —144 Cx80 _

30 —— C=20uF
* C+80 ==&
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Chapter 6, Problem 17.

Determine the equivalent capacitance for each of the circuits in

Fig. 6.51.
3F —— ——6F
o |
4F
(a)
6F
o |
5F = == 4F ==2F
r
(b)
3F 6 F
D%ZL | [
| —— 3F
4F
O
Figure 6.51
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Chapter 6, Solution 17.

(a) 4F in series with 12F =4 x 12/(16) = 3F
3F in parallel with 6F and 3F = 3+6+3 = 12F
4F in series with 12F = 3F
re. Coq =3F

(b) Ceq=5+[6x(4 +2)/(6+4+2)] =5 + (36/12) =5 + 3 = §F

(c) 3F in series with 6F = (3 x 6)/9 = 2F

1 I 1 1
=—+—+—=1
6 3

c,. 2
Ceg=1

€q

C
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Chapter 6, Problem 18.

Find C.qin the circuit of Fig. 6.52 if all capacitors are 4 pF

Figure 6.52  For Prob. 6.18.

Chapter 6, Solution 18.

4 uF in parallel with 4 uF = 8pF

4 uF in series with 4 uF =2 pF

2 uF in parallel with 4 pF = 6 pF

Hence, the circuit is reduced to that shown below.

8uF
| |
||
6 uF — ___ 6uF
Ceq
L1 L oases 5 ¢ -218184F
C.. 6 6 8 =
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Chapter 6, Problem 19.

Find the equivalent capacitance between terminals a and b in the circuit of Fig.
6.53. All capacitances are in uF.

il

1z 4f)
fril e
Sy 2
12 3 30 /A"\\\ Iy
b o
ik
Figure 6.53

Chapter 6, Solution 19.

We combine 10-, 20-, and 30- u F capacitors in parallel to get 60 £ F. The 60 - 4 F
capacitor in series with another 60- u F capacitor gives 30 u F.

30+50=80uF, 80+40=120 uF

The circuit is reduced to that shown below.

121 1 80

120- 1 F capacitor in series with 80 u F gives (80x120)/200 = 48

48 + 12 =60
60- 1 F capacitor in series with 12 u F gives (60x12)/72 =10 u F
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Chapter 6, Problem 20.

Find the equivalent capacitance at terminals a-b of the circuit in Fig. 6.54.

a
1uE IuF
2uF 2uF 2uF
3uF 3uF 3uF 3uF
b

Figure 6.54  For Prob. 6.20.
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Chapter 6, Solution 20.

Consider the circuit shown below.

C,=1+1=2u4F
C,=2+2+2=64F

C, =4x3 =124F
1/Ceq = (1/Cy) + (1/Cy) + (1/C3) = 0.5 + 0.16667 + 0.08333 = 0.75x10°

Ceq = 13333 uF.
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Chapter 6, Problem 21.

Determine the equivalent capacitance at terminals a - b of the circuit in Fig. 6.55.

5uF 6 pF 4 uF
|| Il ||
@ o—] | 1
= 2 HF = 3 l-ll" = 12pF
b o
Figure 6.55

Chapter 6, Solution 21.

4uF in series with 12uF = (4x12)/16 = 3uF
3uF in parallel with 3uF = 6uF

6uF in series with 6pF = 3uF

3uF in parallel with 2uF = SuF

SuF in series with SuF = 2.5uF

Hence Cgq=2.5uF
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Chapter 6, Problem 22.

Obtain the equivalent capacitance of the circuit in Fig. 6.56.

40 uF
||
Il
— 10 pkF 10 plF =
||
]
20 uF
— 15 pF 15 uF =
o o
a b

Figure 6.56
Chapter 6, Solution 22.

Combining the capacitors in parallel, we obtain the equivalent circuit shown below:

1

«q» Where

Combining the capacitors in series gives C

lei_ki{_L:L e CLqZIOMF
C, 060 20 30 10

Thus
Ceq=10+40 =50 uF
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Chapter 6, Problem 23.
For the circuit in Fig. 6.57, determine:

(a) the voltage across each capacitor,
() the energy stored in each capacitor.

4 uF

20v @ L i ﬁm:

Figure 6.57

Chapter 6, Solution 23.

(a) 3uF is in series with 6uF 3x6/(9) = 2uF
Vaur = 1/2x 120 = 60V
VouF = m

3
Veur = ——(60) =20V
6uF 6+3( )
Vaur = 60 - 20 = 40V

(b) Hence w=1/2 Cv*
Waur = 1/2 x4 x 10° x 3600 = 7.2mJ
Waur = 1/2 x 2 x 10° x 3600 = 3.6mJ
Weur = 1/2 X 6 x 10 x 400 = 1.2mJ
Waur = 1/2 x 3 x 10° x 1600 = 2.4mJ
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Chapter 6, Problem 24.

Repeat Prob. 6.23 for the circuit in Fig. 6.58.

60 uF 20 uF

90 V == 30pF == 14pF =

Figure 6.58

Chapter 6, Solution 24.

20uF is series with 8OpF = 20x80/(100) = 16pF

14uF is parallel with 16pF = 30pF
(a) vaour=90V

Veour = 30V
Vigur = 60V
80
VoouF = x60 =48V
20+ 80 -

vgour = 60 - 48 = 12V

(b) Since w = %CVZ

Wiour = 1/2 x 30 x 10 x 8100 = 121.5mJ
Weour = 1/2 x 60 x 107 x 900 = 27mJ
Wiaur = 1/2 X 14 x 107 x 3600 = 25.2mJ
Waour = 1/2 x 20 x 10 x (48)* = 23.04mJ

80 uF

Wsour = 1/2 x 80 x 10 x 144 = 5.76mJ
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Chapter 6, Problem 25.
(a) Show that the voltage-division rule for two capacitors in series as in Fig. 6.59(a) is

==y v, =Sy
'"¢c,+C, 7 7 c+C, ¢
1+ 2 1+ 2

assuming that the initial conditions are zero.

C,
+ M - *i]
+ "
i I s @ ¢
(a) (b)
Figure 6.59

(b) For two capacitors in parallel as in Fig. 6.59(b), show that the
current-division rule is

i:—c1 i i:—C2 i
"¢ +C,°7  ? c+C, ¢

assuming that the initial conditions are zero.
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Chapter 6, Solution 25.

(a) For the capacitors in series,

C
Q=Q —> Cvi=CGvy —» D2
v, C
2 Cl +C2 Cl
Vi=vVitv,=—v,+v,=——7F5Vv, —» V,=——V,
C, C, C, +C,
Similarly, V1=LVS
C, +C,
(b) For capacitors in parallel
_. .9 _Q
Vi=Vp = —=——
CI CZ
C C, +C
Qs=Q1+ Q= _1Q2 +Q2 =¥Q2
C, C,
or
— C2
©=c
Cl
Q= C, +C, R
| = d_Q - 1 Cl 1 CZ
dt boc i+, Poc+G,
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Chapter 6, Problem 26.

Three capacitors, C; =5 uF, C, = 10 uF, and C; = 20 wF, are connected in parallel across
a 150-V source. Determine:

(a) the total capacitance,
(b) the charge on each capacitor,
(c) the total energy stored in the parallel combination.

Chapter 6, Solution 26.

(a) Ceq = C] + C2 + C3 = 35gF
(b) Qi =Civ=5x150uC =0.75mC
Q:=Cv=10x 150uC = 1.5mC
Q3=C3v=20x 150=3mC
1 2 _ 1 2
(c) = ECqu =5x35x150 pnJ =393.8mJ
Chapter 6, Problem 27.

Given that four 4-uF capacitors can be connected in series and in parallel, find the
minimum and maximum values that can be obtained by such series/parallel
combinations.

Chapter 6, Solution 27.

If they are all connected in parallel, we get C, =4x4uF =16uF

If they are all connected in series, we get

S
C, A4uF
All other combinations fall within these two extreme cases. Hence,

C:min :]1UF’ Cmax :16:uF
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Chapter 6, Problem 28.

Obtain the equivalent capacitance of the network shown in

Fig. 6.58.
O
— —1 ¥
40 uF 30 uF 0 uF
||
I
10 uF == —— 20 uF
O
Figure 6.58

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 6, Solution 28.
We may treat this like a resistive circuit and apply delta-wye transformation, except that
R is replaced by 1/C.

A
Jl

J1
A
J1

M0 N EINED

C, 1
30
301 1 2
= 4+ — =
40 10 40 10
C,=5uF
1 1 1
+ +
1 400 300 1200 _ 2
Cp 1 30
10
Cb=15uF
1 1 1
+ +
1 _ 400 300 1200 _ 4
C, 1 15
40
C.=3.75uF

Cyp in parallel with 50uF =50 + 15 = 65uF
C. in series with 20uF = 23.75uF

65uF in series with 23.75uF = % =17.39uF

17.39uF in parallel with C, = 17.39 + 5 =22.39uF

Hence Ceq = 22.39uF
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Chapter 6, Problem 29.

Determine C.q for each circuit in Fig. 6.61.

C
° |
—_—
C
C
0 |
(a)
o
C\/\/C‘
- </\ \/>
¢ /\/\ ¢
o
(b)
Figure 6.61
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Chapter 6, Solution 29.
(a) C in series with C = C/(2)

C/2 in parallel with C=3C/2

Cx E
£ in series with C = 2 _ E
2 5 E 5
2
3%in parallel with C=C + 3% = 1.6 C
(b) .
2 :
Ce
2 :
°

PN
C, 2C 2¢ C
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Chapter 6, Problem 30.

Assuming that the capacitors are initially uncharged, find
Vo(1) in the circuit in Fig. 6.62.

i (mA) A
6 ulf
60 —
. ® +
IJuF ==  5in
0
1 2 fis) o
Figure 6.62

Chapter 6, Solution 30.

I . .
Voo let+1(0)
For0<t<1, 1=60tmA,

-3 "
v, =0 [ 60tdt+0 =10°kV
3x107° %
vo(1) = 10kV
For 1<t<2,i=120 - 60t mA,
107°
Vo= 120 - 60t)dt + v, (1
o dt+v, (1)

~ 140t 102]1 +10kV

=40t— 10t* - 20

10t’kV, 0<t<l
v, ()=

40t —10t> —20kV, l<t<2
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Chapter 6, Problem 31.
If v(0)=0, find v(t), i1(t), and i(t) in the circuit in Fig. 6.63.

i, (mA) A
20

. 6 uF —/ 4uF == r

Figure 6.63
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Chapter 6, Solution 31.
20tmA, O<t<l1

i (t)=|20mA, 1<t<3
-50+10t, 3<t<5
Ceq=4+6=10uF
|
v = C—j idt + v(0)

eq
ForO0<t<1,
107

ve——[20tdt+ 0= kV
10x107™ %

For1 <t<3,
103
j 20dt + v(l) = 2(t = 1) + 1kV

—2t—1kV
For3<t<5,

_ j 10(t - 5)dt + v(3)

t2 t2
:7—5t §+5kV:7—5t+15.5kV

t2kV, 0<t<ls
v(t) =| 2t -1kV, I<t<3s

2
%—5t+15.5kv, 3<t<5s

i—c Yoo &Y
" dt dt
12tmA, O<t<ls
=|12mA, I1<t<3s
6t—30mA, 3<t<S5s
12_02%_4 10‘6%
StmA, O<t<ls
=| 8mA, 1<t<3s

4t —-20mA, 3<t<S5s
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Chapter 6, Problem 32.

In the circuit in Fig. 6.64, let is = 306 mA and v;(0) = 50 V, v»(0) =20 V.
Determine: (a) vi(t) and v,(t), (b) the energy in each capacitor att =0.5 s.

12 pF
g g
i
HpF —— P == M pF

Figure 6.64

Chapter 6, Solution 32.

(8) Ceq=(12x60)/72=10 uF

-3t
LI306_2tdt +v(0) =—1250e2" || +50 =—1250e~*' +1300V

-6
12x107°%

V1=

3t

Vv, = s [30e72dt + v, (0) =250~ | +20 = =250e"*" +270V
-6 0

60x107°

(b) At t=0.5s,

vy =—1250¢ 71 +1300=840.2, v, =-250e"! +270=178.03

Wis e =%X12X106 X(840.15)* =4.235 ]

W 20uF :%x20x10_6x(178.03)2 =0.3169 J

W 40uF :%x40x10_6x(178.03)2 =0.6339]
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Chapter 6, Problem 33.
Obtain the Thévenin equivalent at the terminals, a-b, of the circuit shown in Fig.
6.65. Please note that Theévenin equivalent circuits do not generally exist for
circuits involving capacitors and resistors. This is a special case where the
Thévenin equivalent circuit does exist.

sv @

Figure 6.65

Chapter 6, Solution 33

Because this is a totally capacitive circuit, we can combine all the capacitors using the
property that capacitors in parallel can be combined by just adding their values and we
combine capacitors in series by adding their reciprocals. However, for this circuit we
only have the three capacitors in parallel.

3 F+2F=5F (we need this to be able to calculate the voltage)
Crn=Ceq=5t5=10F
The voltage will divide equally across the two 5 F capacitors. Therefore, we get:
V=75V, Chn=10F

Chapter 6, Problem 34.

The current through a 10-mH inductor is 6¢™>

A. Find the voltage and the power att =3 s.

Chapter 6, Solution 34.

i=6e"
v=L 9 Cjoxi07 (6)[1}-”2
dt 2
=-30¢"* mV

v(3) =-30¢”* mV = —6.694 mV
p=vi=-180e" mW
p(3) =-180¢™ mW =—8.962 mW
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Chapter 6, Problem 35.
An inductor has a linear change in current from 50 mA to 100 mA in 2 ms and induces
a voltage of 160 mV. Calculate the value of the inductor.

Chapter 6, Solution 35.

: -3
VI R L S R T
dt di/dt (100-50)x10
2x10°°
Chapter 6, Problem 36.

The current through a 12-mH inductor is i(t)=30te ™™ A, t>0. Determine: (a) the

voltage across the inductor, (b) the power being delivered to the inductoratt=1s, (c)
the energy stored in the inductor att =1 s.

Chapter 6, Solution 36.

(a) v = L% =12x10%(30e 2 —60te ') =(0.36 — 0.72t)e > V

(b) p=vi=(0.36-0.72x)e*x30xle = 0.36x30e™* = -0.1978 W
(c) w= éLiz =0.5x12x10°(30x1xe %)’ = 98.9 mJ.

Chapter 6, Problem 37.

The current through a 12-mH inductor is 4 sin 100t A. Find
the voltage, and also the energy stored in the inductor for
0 <t< 200 s.
Chapter 6, Solution 37.
V= L% =12x107’x4(100) cos 100t
=4.8 cos 100t V

p=vi=4.8 x4 sin 100t cos 100t = 9.6 sin 200t

w=['pdt=["" 9.6sin200t

[

= —ﬁ c0s 200t
200

11/200
o

=—48(cost—1)mJ = 96 mJ

Please note that this problem could have also been done by using (*4)Li’.
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Chapter 6, Problem 38.

The current through a 40-mH inductor is

i(t):{o, t<0

e A, t>0

Find the voltage v(t).

Chapter 6, Solution 38.

v= L% = 40x10(e 7 — 2t )it
= 40(1-2t)e'mV,t >0
Chapter 6, Problem 39.

The voltage across a 200-mH inductor is given by
v(t) =3t +2t+4 V for t> 0.

Determine the current i(t) through the inductor. Assume that i(0) =1 A.

Chapter 6, Solution 39

di A
v=L———i=—( 1dt +1(0
dt LIO ©
i=;3j(§(3t2+2t+4)dt+1
200x10~

t
=5(t3+t2+4t) O+1

i(t)=5+52+20t +1 A

Chapter 6, Problem 40.
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The current through a 5-mH inductor is shown in Fig. 6.66. Determine the voltage
across the inductor at t=1,3, and 5Sms.

1(A)y

10

0 2 4 6  t(ms)

Figure 6.66  For Prob. 6.40.

Chapter 6, Solution 40.

5t, O<t<2ms
i = 10, 2<t<4ms
30-5t, 4<t<6bms

5 0O<t<2ms 25, O<t<2ms
0, 2<t<4dms =<0, 2<t<4dms
-5 4<t<bms |-25, 4<t<6bms

_,di _5x107
dt 10°

Att=lms, v=25V
Att=3ms, v=0 V
Att=5ms, v=-25V

Chapter 6, Problem 41.
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The voltage across a 2-H inductor is 20(1 - e2") V. If the initial current through the
inductor is 0.3 A, find the current and the energy stored in the inductor att=1 s.

Chapter 6, Solution 41.

i:%j;vduc:ijotzo(l—e‘”)duc

- 10(t+le_2tj
2

Note, we get C =—4.7 from the initial condition for i needing to be 0.3 A.

L+C=10t+5¢ 2" —4.7A

We can check our results be solving for v = Ldi/dt.
v =2(10 — 10e *")V which is what we started with.

Att=1s, i=10+5¢>-4.7=10+0.6767 —4.7=5.977 A

w=1Li= 35720
2
Chapter 6, Problem 42.
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If the voltage waveform in Fig. 6.67 is applied across the terminals of a 5-H inductor,
calculate the current through the inductor. Assume i(0) =-1 A.

) (V) &

10

0

"11“

Figure 6.67

Chapter 6, Solution 42.

o1 . 1
1=fjovdt+1(0)=§jov(t)dt—1

For 0<t<1, i=9j‘dt—1=2t—1A
5 0
Forl<t<2, i=0+i(l)=1A

For2<t<3, '=%ledt+i(2):2tf+1

=2t-3 A

For3<t<4, 1=0+i(3)=3 A

For4<t<35, i= %JIIOdt+i(4) =2t|,+3

=2t-5A

[2t—1A, O<t<l1

1A, I<t<2
Thus, i(t)=|2t—-3A, 2<t<3
3A, 3<t<4

2t -5, 4<t<5

Chapter 6, Problem 43.
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The current in an 80-mH inductor increases from 0 to 60 mA.
How much energy is stored in the inductor?

Chapter 6, Solution 43.

w= th idt —lLiZ(t)—lLiz(_oo)
—o 2 2

= %x80x10_3 x(60x10_3)2 -0

=144 )

*Chapter 6, Problem 44.

A 100-mH inductor is connected in parallel with a 2-kQ resistor. The current through
the inductor is i(t) = 50€™°" mA. (a) Find the voltage v across the inductor. (b)

Find the voltage vg across the resistor. (¢) Is Vg(t)+ Vv (f)=07? (d) Calculate the
energy in the inductor at t=0.

Chapter 6, Solution 44.

(@) v = L% =100x103(~400)x50x10 e 4 = 2 v/

(b) Since R and L are in parallel, v, =v, =-2e*" V
(c) No

(d) w = %Liz =0.5x100x107°(0.05)* = 125 pJ.

Chapter 6, Problem 45.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




If the voltage waveform in Fig. 6.68 is applied to a 10-mH inductor, find the inductor
current i(t). Assume i(0) = 0.

r(f) A

5_

e

Figure 6.68
Chapter 6, Solution 45.
. 1 gt )
i=— j v(t) +1(0)

ForO<t<1,v=>5t

IZ%ItStdt"" O
10x107 vo

=0.25t* kKA

Forl1<t<2,v=-10+ 5t
i—;jt(—10+5t)dt+i(l)
10x107 ¥
- '(0.5t —)dt + 0.25kA
=1-t+0.25t° kA

0.25t°KA, 0<t<ls

i(t) = )
1-t+0.25t°kA, 1<t<2s

Chapter 6, Problem 46.
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Find v, i, and the energy stored in the capacitor and
inductor in the circuit of Fig. 6.69 under dc conditions.

20
.-'."VH\""'\.-'\ +

o gju.su

i@

AN
-
o]

VA
Ul
(o}

Figure 6.69

Chapter 6, Solution 46.

Under dc conditions, the circuit is as shown below:

D = *

<

By current division,

4
1, =——3)=2A, v.=0V
L 4+2() 2A oV

W= Lt %@@)2 -1

1 , 1
w. =—Cvi=—2)(v)=0J
e =50V 2()() 0oJ

Chapter 6, Problem 47.
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For the circuit in Fig. 6.70, calculate the value of R that will make the energy stored in
the capacitor the same as that stored in the inductor under dc conditions.

R

5.40 %Zﬂ 4 mH

Figure 6.70

Chapter 6, Solution 47.

Under dc conditions, the circuit is equivalent to that shown below:

I
MW

J o—
+ \/~ \ 4
2 10 10R
i, =——08)=——, v,=Ri, =——
- R+2() R+2> ¢ " R+2
2
W, :lCVi :80)(10’6)(&1{2
2 (R+2)
W =1Li12 =2X10_3XL02
2 (R +2)
If we=wy,
2 -3
80x1076x L 2OR 5 _2x10 X1200—>80x10'3R2=2
(R+2) (R+2)
R=3Q
Chapter 6, Problem 48.
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Under steady-state dc conditions, find i and v in the circuit in Fig. 6.71.

i 2mH
Y Y\

+

SmA 30kQ2 v—T— 6uF 20 kQ

Figure 6.71  For Prob. 6.48.

Chapter 6, Solution 48.

Under steady-state, the inductor acts like a short-circuit, while the capacitor acts like
an open circuit as shown below.

o>
+
5 mA 30kQ v 20 kQ
- |
Using current division,
i=— 3% 5ma)=3maA
30k + 20k
v=20ki =60V
Chapter 6, Problem 49.
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Find the equivalent inductance of the circuit in Fig. 6.72. Assume all inductors
are 10 mH.

Figure 6.72  For Prob. 6.49.

Chapter 6, Solution 49.

Converting the wye-subnetwork to its equivalent delta gives the circuit below.

30 mH
30mH
§ SmH
30 mH
30//0 = 0, 30//5 = 30x5/35-4.286
Loy =30//4.286 = “2X4-280 _ 3 75 iy
34.286
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Chapter 6, Problem 50.

An energy-storage network consists of series-connected 16-mH and 14-mH inductors
in parallel with a series connected 24-mH and 36-mH inductors. Calculate the
equivalent inductance.

Chapter 6, Solution 50.

16mH in series with 14 mH = 16+14=30 mH
24 mH in series with 36 mH = 24+36=60 mH
30mH in parallel with 60 mH = 30x60/90 =20 mH

Chapter 6, Problem 51.
Determine Lq at terminals a-b of the circuit in
Fig. 6.73.
10 mH
T —
60 mH
SR
25 mH 20 mH
ao 2118 A1 o b
30 mH
! jE ﬁ
Figure 6.73
Chapter 6, Solution 51.
r_r. .t 1 L=10mH
L 60 20 30 10

_ 10x35

L, = 10”(25 +10)

=7.778 mH
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Chapter 6, Problem 52.

Find Lq in the circuit of Fig. 6.74.
10H

Y

4H 6 H
1YY\ YYD

5H 3H
— :

TH
Y YN

Figure 6.74  For Prob. 6.52.

Chapter 6, Solution 52.

Leq =9//(7+3+10//(4+6))==5//(7T+3+93))= 52—)%5 =3.75 H
Chapter 6, Problem 53.
Find L.q at the terminals of the circuit in Fig. 6.75.
6 mH 8 mH
a o L11h 4115 L
S mll
= 12 mH
e==
8 mH %
6 mH
- 4 mH
b o A11A 4115
10 mH 8§ mH

Figure 6.75

Chapter 6, Solution 53.

L., =6+10+8|[5|8+12)+6|(8 +4)]
=16+8|(4+4)=16+4

Leg=20 mH
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Chapter 6, Problem 54.

Find the equivalent inductance looking into the terminals of
the circuit in Fig. 6.76.

9H
dLIA
10 H
IS 1R
4 H % g 6 H
o o
a b
Figure 6.76

Chapter 6, Solution 54.

L, =4+(9+3)|10f0 +6[12)

=4+12|(0+4)=4+3

Log=17
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Chapter 6, Problem 55.

Find L4 in each of the circuits of Fig. 6.77.

;

[’ A1iR

=7 | |
Loy - 3
— LE i

=T
o

()

x\'}:--.fr'

L L
F.Q}___j: { L ) .f{:f_
v N
{3

Figure 6.77

Chapter 6, Solution 55.

(a) L/L=05L, L+L=2L

L,=L+2L/05L=L+———=14L=14L.
a 2L+05L —— T

(b) L/L=05L, L/L +L/L=L

Leq =L//L =500 mL
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Chapter 6, Problem 56.

Find L4 in the circuit in Fig. 6.78.

L
ﬁ Ij ﬁ
éL 3L
L L 3 L
11 110 A
el El
—0 o—
L,
Figure 6.78

Chapter 6, Solution 56.

1 L
MM&=?=§
L

Hence the given circuit is equivalent to that shown below:

) LxéL 5
LmzL(L+—L]: =L
3 L+ L 8
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Chapter 6, Problem 57.

Determine the L.q that can be used to represent the inductive network of Fig. 6.79 at the
terminals.

di
22—
i 4H dt
a o £11A 0
Leq
— g JH é SH
b o
Figure 6.79

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.




Chapter 6, Solution 57.

di
Let v=L_ — 1
eth ()
di
v=v,+v,=4—+v 2
1 2 dt 2 ()
i=i+ip, —> h=i-1 (3)

di, di, v
Lor 2l 2

v, =3 =—= 4
*Tdt dt 3 @
and
v, 2454
dt dt
di di
=2—+5—= 5
Ve Ty T ®)

Incorporating (3) and (4) into (5),

v, =28l 4l _sdi_di sV,
P Tdt Tdt Tdt dt T3

V2(1+§]=7$
3) T dt
27 % at

Substituting this into (2) gives

Comparing this with (1),

Leg = %3 =6.625 H

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 6, Problem 58.

The current waveform in Fig. 6.80 flows through a 3-H inductor.
Sketch the voltage across the inductor over the interval
0<t<6s.

i((f) p

2+

0 | 1 | >
1 2 3 4 5 6 ¢

Figure 6.80

Chapter 6, Solution 58.

di di
v=L—=3—=3xslope of i(t).
d e pe of i(t

Thus v 1s sketched below:

s YO

v
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Chapter 6, Problem 59.

(a) For two inductors in series as in Fig. 6.81(a), show that the current-division principle
is
I_l L2
vV, =——V, V, = ——V,
L, +L, L, +L,

assuming that the initial conditions are zero.

(b) For two inductors in parallel as in Fig. 6.81(b), show that the
current-division principle is

L2 H : I‘l

=—1I,, 1, =——I
L, +L, L, +L,

I

S

assuming that the initial conditions are zero.

L,

-
-
s
]
]
-
i1y
-
\.E.l..:!.l
=
2]

(a) (h)

Figure 6.81
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Chapter 6, Solution 59.

di
@ v, =(L+L,)
di_ v,
dt L, +L,
di di
v,=L, —, v, =L,—
1 1dt 2 2dt
Ll _ L2

Vi =—-V,V, =——V
L,+L, ¥ L,+L, °

di di
b) v,=v,=L,—L=L,—2
() i 2 ldt 2dt
1, =1, +1,
di, _di, di, v v _ (L+L,)
dt dt dt L, L, LL,
LL, di L .
11=ijvdt=ij#it=—21s
. L,°L,+L, dt L, +L,

. L L, di L .
12:_J'th:Lj#idt: T
L L,YL +L, dt L +L,
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Chapter 6, Problem 60.

In the circuit of Fig. 6.82, i5(0) =2 A. Determine io(t) and V(t) for t > 0.
A %G} :?Itfiii 5H

i F i Fh"l;
o

Figure 6.82

Chapter 6, Solution 60

L, =3/5="1
8

B di 151(467”)

vV, =L, —=— =—15¢"
“dt 8 dt -

t t t
iy = %Ivo(t)dt +i,(0) =2+ %J.(—IS)e_tht =2+1.5¢7% =0.5+1.5¢ 2 A
0 0 0
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Chapter 6, Problem 61.

Consider the circuit in Fig. 6.83. Find: (a) Leg, 11(t) and ix(t) if i, =3e™ mA, (b)
Vo(t), (c) energy stored in the 20-mH inductor at t=1s.

11 1
.| l
§ 4 mH
Vo
- § 6 mH
—>

Figure 6.83  For Prob. 6.61.
Chapter 6, Solution 61.

(a) Leq =20//(4+6)=20x10/30 = 6.667 mH

Using current division,

. 0 .
Lt)=——I.=e mA
{0 10+20° ——
i,(t)=2e"' mA
®) v, =L, ‘;'ts - ?xl03(—3etx103): _20e™ uV

(c) w= %Lif = %x20x103 xe?x10° =1.3534 nJ
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Chapter 6, Problem 62.

Consider the circuit in Fig. 6.84. Given that v(t) = 12e™'mV for t > 0 and
11(0) = =10 mA, find: (a) i2(0), (b) i;(t) and i(t).

2% mH
+ 'L fyhr 4 faf 13
v = 20 mH = 60 mH
o’
Figure 6.84

Chapter 6, Solution 62.

20x60 A0 mH

(a) L., =25+20//60=25+

di

v=L_ —
“dt

1 . 107 b s o
|_L—eqjv(t)dt+|(0)_m—_3£12e dt +i(0) = -0.1™* = 1) +i(0)

X10

Using current division and the fact that all the currents were zero when the circuit was put

together, we get,
60. 3.

)

Il
80 4
il(O):%i(O) — 5 0.75i(0)=-0.01 —> i(0)=-0.01333

I, = i(—O.le_3t +0.08667) A= -25¢™ +21.67mA

i,(0)=-25+21.67=-3.33mA

®) i =%(—0.1e‘3t +0.08667) A= -75¢” + 65 mA

i,= -25¢™ +21.67mA
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Chapter 6, Problem 63.

In the circuit in Fig. 6.85, sketch V.

fylr = 2H i

Fiel s

g

o
=

0

[ =g
.
—
X

-t
.,
=
I'ef
=
L=,
-
Pt
T

i

Figure 6.85
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Chapter 6, Solution 63.

We apply superposition principle and let
V, =V, +V,

where v; and v, are due to i; and i, respectively.

di di 2, 0<t<3
v,=L—=2—"L=
dt dt -2, 3<t<6
di di 4, O<t<2
i I
V2=Ld—t2: d—t2= 0, 2<t<4
-4, 4<t<6
Vi
A \'%)
A
2 4
3 6 t ( 2 4 6 t
-2 -4

Adding v; and v, gives v,, which is shown below.

vo(p) V
6

0 >
2 3 4 6 t(s)

-6
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Chapter 6, Problem 64.

The switch in Fig. 6.86 has been in position A for a long time. At t = 0, the switch
moves from position A to B. The switch is a make-before-break type so that there
is no interruption in the inductor current. Find:

(a) i(t) for t>0,

(b) v just after the switch has been moved to position B,

(c) v(t) long after the switch is in position B.

-IHE% B R

rJﬁ&

12¥ C_:I 05 H +s= b Qf;‘ 4

Figure 6.86

Chapter 6, Solution 64.

(a) When the switch is in position A,

i=—-6=1(0)
When the switch is in position B,
i(0)=12/4=3, r=L/R=1/8

i(t) =i(0) +[i(0)—i(0)]e™" =3-9e™ A
(b) -12 +4i(0) + v=0, i.e. v=12-4i(0)=36V

(c) At steady state, the inductor becomes a short circuit so that
v=0V
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Chapter 6, Problem 65.

The inductors in Fig. 6.87 are initially charged and are connected to the black box
att=0. Ifi;(0)=4 A, i»(0) = -2 A, and v(t) = 50e**"'mV, t > 08, find:

(a). the energy initially stored in each inductor,

(b).the total energy delivered to the black box fromt=0to t = oo,
(c).iy(t) and ix(t), t >0,

(d).i(t), t>0.

i(f)

il

t=10
Black box | ¢ -,:DT\

SH = 20 H

00
\ il

Figure 6.87

Chapter 6, Solution 65.

@ w, =%L1i12 =%XSX(4)2 =40J

W = %(20)(—2)2 _ 403

(b) w=ws+wy=80J

t
© ij=— t—50e—2°°tdt+i1(0)=1(LJ(50e—2°0tx10—3] +4
L0 51200 0
=5x10°™ 1) +4 A
B . 1( 1 _ 3\t
iy =—{ —50e 2("’tdtﬂz(o):—[—j(we 200ty10 3] )
L, 0 201 200 0
=1.25x10% (2™ _ 1) —2:A

(d)  i=i+i=6.25x10° (2 1)+2 A
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Chapter 6, Problem 66.
The current i(t) through a 20-mH inductor is equal, in magnitude, to the voltage
across it for all values of time. Ifi(0) =2 A, find i(t).

Chapter 6, Solution 66.

If v=i, then
. di dt di
dt L i
Integrating this gives
t . i : vL
—=In()-In(C,)=In|] — | > 1=C,e
L (1) —In(C,) [ COJ
1(0)=2=0C,
i(t) = 2¢"00% = ¢
Chapter 6, Problem 67.

An op amp integrator has R= 50 kQ and C = 0.04 uF. If the input voltage is v; = 10 sin
50t mV, obtain the output voltage.

Chapter 6, Solution 67.
v = —Ljvidt, RC=50x10°x0.04x10°=2x 10"
RC

(V]

-10°
vV, =
2
vo =100 cos 50t mV

j10sin50t dt

Chapter 6, Problem 68.

A 10-V dc voltage is applied to an integrator with R = 50 kQ), C =100 xF att=0. How
long will it take for the op amp to saturate if the saturation voltages are +12 V and -12 V?
Assume that the initial capacitor voltage was zero.

Chapter 6, Solution 68.
v, = —Ljvidwvm), RC=50x 10°x 100 x 10°=5
RC

(o]

Vv, = —lrIOdt+O:—2t
5 o

The op amp will saturate at v, = £12
-12=-2t —> t=6s
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Chapter 6, Problem 69.

An op amp integrator with R =4 MQ and C = 1 4F has the input waveform
shown in Fig. 6.88. Plot the output waveform.

r(mV) A
20

10

L1
1 20 3 4 5 6 ¢((ms)

10

=20

Figure 6.88
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Chapter 6, Solution 69.
RC=4x10°x1x10°=4

vV, = L v, dt = —l'[Vidt
RC 4

For0<t<1,v;=20, v, =—%J't20dt=-5th

For1<t<2,vi=10, v, = —ﬂtloduv(l) =-25(t-1)-5
=.2.5t-2.5mV

For2<t<4,vi=-20, v, :+%J:20dt+v(2):5(t—2)—7.5
=5t-17.5mV

For4 <t<S5m, vi=-10, v, = iJ:lOdt +v(4)=2.5(t—4)+2.5
=2.5t-7.5mV

For5<t<6,v;=20, v, =—i£20dt+v(5)=—5(t—5)+5
—_5t+30mV

Thus v,(t) is as shown below:
r VO

v
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Chapter 6, Problem 70.

Using a single op amp, a capacitor, and resistors of 100 kQ or less, design a circuit to
implement

t
v, ==50] v, (t)dt
Assume Vo =0 att=0.

Chapter 6, Solution 70.
One possibility is as follows:

RC
LetR=100kQ, C= ;3 =0.2uF
50x100x10
Chapter 6, Problem 71.

Show how you would use a single op amp to generate

V, = —I (v, +4v, +10v, )dt
If the integrating capacitor is C =2 uF, obtain other component values.
Chapter 6, Solution 71.

By combining a summer with an integrator, we have the circuit below:
1

W e

w»] _TE>_

Cj.vzdt

1 1
v, =———|v,dt—
R,C

1
v,dt - R

For the given problem, C = 2uF,
R,C=1 —> R;=1/(C)=10%2) =500 kQ
R,C = 1/(4) — R, = 1/(4C) = 500kQ/(4) = 125 kQ
R;C=1/(10) —» R;3=1/(10C) =50 kQ
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Chapter 6, Problem 72.

At t= 1.5 ms, calculate v, due to the cascaded integrators in Fig. 6.89. Assume
that the integrators are reset to 0 V att= 0.

2 uF 0.5 uF

1 kil

Yrralll 20 k2
LA :> AAMA B

Q -"+(].Z

Figure 6.89

Chapter 6, Solution 72.

The output of the first op amp is

v, =—Lj.vi dt= - 3 6.[ Vldt——m
RC 10x10° x2x10~
=-50t
1 1 t
=——|v. dt= - —50t)dt
° RCI ' 20x10°x0.5x10°° L( )
= 2500t

Att=1.5ms,
v, =2500(1.5)*x10™° = 5.625 mV
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Chapter 6, Problem 73.

Show that the circuit in Fig. 6.90 is a noninverting integrator.

R
—AWW—
R
A .
_+_
R R
A .
1 e

o

Figure 6.90
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Chapter 6, Solution 73.

Consider the op amp as shown below:

Letva=vp=vVv

Atnodea,O_V:V_V" —» 2v-v, =0 (1)
R R
]
MWV
A
]
M ,
+
] ]
+
WV WV
2 2
°
V.-V V-V dv
Atnode b, — = <+ C—
R R dt
v, =2V—VO+RCﬂ (2)
dt
Combining (1) and (2),
RC dv,
V.=V -V, +—
2 dt
or
vV, = LJ.Vi dt
RC

showing that the circuit is a noninverting integrator.
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Chapter 6, Problem 74.

The triangular waveform in Fig. 6.91(a) is applied to the input of the op amp
differentiator in Fig. 6.91(b). Plot the output.

r(f) A
10
0 ] 1 ] >
1 2 3 4  t(ms)
—10
(a)
20 kQ
0.01 uF YWy
||
I
@ "
o
(b)
Figure 6.91
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Chapter 6, Solution 74.

RC =0.01 x 20 x 10 sec

v, = —RC% = —0.2d—Vmsec
dt dt

-2V, O<t«l
v, =|2V, l<t<3
-2V, 3<t<4

Thus v,(t) is as sketched below:

Vo(t

v
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Chapter 6, Problem 75.

An op amp differentiator has R=250 kQ and C = 10 yF.
The input voltage is a ramp r(t) = 12 t mV. Find the output voltage.

Chapter 6, Solution 75.

dv,
v, = —RC%, RC = 250x10°x10x10° = 2.5

v, = 2253 (120) = -30mv
dt

Chapter 6, Problem 76.

A voltage waveform has the following characteristics: a positive slope of 20 V/s for 5 ms
followed by a negative slope of 10 V/s for 10 ms. If the waveform is applied to a
differentiator with R = 50 kQ, C = 10 uF, sketch the output voltage waveform.

Chapter 6, Solution 76.

dv.
v, :—RC%, RC=50x10°x 10x 10°=0.5
dv; _{—10, 0<t<5

vy =-0.5 =
dt 5, S5<t<l15

The input is sketched in Fig. (a), while the output is sketched in Fig. (b).

Vo(t
vift A

an

v
v

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 6, Problem 77.

The output V, of the op amp circuit of Fig. 6.92(a) is shown in Fig. 6.92(b). Let
Ri=R¢;=1MQand C=1 u4F. Determine the input voltage waveform and sketch

1t.
R_f-
—— AN
C
I|
R; )
AN
——0
_I_
@
o
(a)
Ty A
4
0 I 1 4 >
1 2 3 4 f(ms)
4
(b)
Figure 6.92
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Chapter 6, Solution 77.

i=1ig +ic

Vi—0=0—V0+ d(O—VO)
R R, dt
R,.C=10°x10"° =1

Hence v, = —(VO + dVO)
dt

Thus v; is obtained from v, as shown below:

Vi(t

v
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Chapter 6, Problem 78.

Design an analog computer to simulate

d’v, .dv
—>+2—"+V, =10sin 2t
dt dt

where Vp(0) = 2 and V'o(0) = 0.

Chapter 6, Solution 78.

2
dv,

o

2
—10sin2t— 2o
dt

Thus, by combining integrators with a summer, we obtain the appropriate analog

computer as shown below:

]
W\
—
]
W\
—

W\

/vv\/]
?L
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Chapter 6, Problem 79.

Design an analog computer circuit to solve the following ordinary differential
equation.

dy(t) _
oAy = 1)

where y(0) =1 V.

Chapter 6, Solution 79.

We can write the equation as

Yty
- [O-4y®

which is implemented by the circuit below.
IRY%
C

t=0

R/4 R

R dy/dt
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Chapter 6, Problem 80.

Figure 6.93 presents an analog computer designed to solve a differential equation.
Assuming f(t) is known, set up the equation for f(t).

1k 1 ukF
—— 1 M(2
L 1 MO |7 AAAA—
i ‘_> AAAA 5“!.ir|vfﬂ
- = A0 L
100 k2
100 k2 ’_’_I 200 k)
= Cr
fi)
Figure 6.93
Chapter 6, Solution 80.
From the given circuit,
dv, _, (1) L000KQ - 1000k0> dv,
dt’ 5000k °  200kQ dt
or
dv, vy o, £(t)
dt’ dt °
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Chapter 6, Problem 81.

Design an analog computer to simulate the following equation:

2
9V s 2t

t2

Chapter 6, Solution 81

We can write the equation as
d’v
—=-5v-21(t)

dt>

which is implemented by the circuit below.

C C
| | R
: ]
R
> R R/5
d*v/dt? + - AN
-dv/dt + \%
ae d*v/dt’
) — I
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Chapter 6, Problem 82.

Design an an op amp circuit such that:
v, =10v, +Zjvsdt

where Vs and Vg are the input voltage and output voltage respectively.

Chapter 6, Solution 82

The circuit consists of a summer, an inverter, and an integrator. Such circuit is shown
below.

J\/L
R
B _
+ — V,
- R
A VAN
C= } /(2R)
|
R
; N

vO
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Chapter 6, Problem 83.

Your laboratory has available a large number of 10-4F capacitors rated at 300 V. To
design a capacitor bank of 40-4F rated at 600 V, how many 10-4F capacitors are needed
and how would you connect them?

Chapter 6, Solution 83.

Since two 10uF capacitors in series gives 5uF, rated at 600V, it requires 8 groups in
parallel with each group consisting of two capacitors in series, as shown below:

A
Jl
A
Jl
AY
Jl
A
Jl
A
Jl
A
Jl
A
Jl
A
Jl

A
Jl
A
Jl
A
Jl
A
/1
A
Jl
A
Jl
A
Jl
A
Jl

600

Answer: 8 groups in parallel with each group made up of 2 capacitors in series.

Chapter 6, Problem 84.

An 8-mH inductor is used in a fusion power experiment. If the current through the
inductor is i(t) = 5sin’ 7t mA, t >0, find the power being delivered to the inductor
and the energy stored in it at t=0.5s.

Chapter 6, Solution 84.
v = L(di/dt) = 8x10*x5x2zsin(nt)cos(nt) 10> = 40nsin(27t) uv

p = vi = 40msin(2nt)5sin’(nt) 10° W, at t=0 p = OW

W= %Li2 = %xleO3 X[5sin*(z/2)x10°F = 4x25x10°° =100 nJ
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Chapter 6, Problem 85.

A square-wave generator produces the voltage waveform shown in Fig. 6.94(a).
What kind of a circuit component is needed to convert the voltage waveform to
the triangular current waveform shown in Fig. 6.94(b)? Calculate the value of the
component, assuming that it is initially uncharged.

r(V) A
5
0 »
1 2 3 4 £ (ms)
5
(a)
1(A) 5
4 L
1 1 .
0 1 2 3 4 t(ms)
(b)
Figure 6.94
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Chapter 6, Solution 85.

It is evident that differentiating i will give a waveform similar to v. Hence,

V=LE
dt

. 14t,0<t<1lms
1=
8—4tl<t<2ms

di |4000L,0<t<1ms
V= _——=
dt |—4000L,1 <t<2ms

5V,0 <t <1lms
But, =
-5V,I<t<2ms

Thus, 4000L =5 — L=125mH ina 1.25 mH inductor

Chapter 6, Problem 86.

An electric motor can be modeled as a series combination of a 12-Q) resistor and 200-
mH inductor. If a current i(t) = 2te ' "A flows through the series combination, find
the voltage across the combination.

Chapter 6, Solution 86.

V=V, +V, =Ri+ L% =12x2te ™ + 200x10°x(-20te " + 2e ") =(0.4 - 20t)e ' V
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